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(54) Method and apparatus for channel quality metric generation within a packet-based
multicarrier modulation communication system

(57) A communication system (100) disclosed here-
in includes a channel quality estimation module (134)
that determines the channel quality metric utilizing the
preamble portion of the packet only. Data, in such a
communication system (100), is transmitted in the form
of a packet over a data channel during a packet trans-
mission, wherein each data channel includes several
sub-channels. The system includes a receiver having at
least one antenna (106), a radio frequency (RF) proc-
essor (109), a baseband processor (116), a deinterleav-
er (121), and a channel decoder. The RF processor
(109) converts the antenna signal into a plurality of

baseband sample signals. The baseband processor
(116) couples to receive each baseband sample signal.
Specifically, the baseband processor (116) calculates
the gain estimation of the each sub-channel and gener-
ates a channel quality metric for each sub-channel that
is proportional to the bit-error rate of each packet,
wherein the bit-error rate is derived by deinterleaving
the sequence of gain estimation magnitudes, convolv-
ing the deinterleaved sequence of gain estimation mag-
nitudes with a short window index, and detecting the
number of times the convolution falls beneath a prede-
termined threshold.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to communica-
tion systems for general information transmission, and,
more particularly, to a packet-based communication
system whose physical layer is based on multicarrier
modulation that has channel quality metrics.

BACKGROUND OF THE INVENTION

[0002] The world-wide growth of frequency spectrum
efficient communications systems and the enhance-
ment of their performance has increased the number of
individual users and data transmission rates for these
systems. Packet-based communication systems whose
physical layers are based on multicarrier modulation are
commonly referred to as OFDM (Orthogonal Frequency
Division Multiplexing) or DMT (Discrete MultiTone) sys-
tems. The available transmission channel bandwidth
within an OFDM system is subdivided into a number of
discrete channels or carriers. These channels overlap
and are orthogonal to each other. Data is transmitted in
the form of symbols that have a predetermined duration
and encompass some number of carrier frequencies.
Systems in compliance with IEEE 802.11a and 802.11g
wireless LAN standards are well-known examples of
such systems.
[0003] The conventional structure of packets in a
packet-based data transmission system, as shown in
Figure 1, comprises a preamble, a header, and a data
payload. The preamble is typically used to estimate the
channel impulse response, derive settings for the auto-
matic gain control circuits, and perform carrier frequen-
cy offset correction. It is also used for synchronization
and other physical layer functions. The header is typi-
cally used for conveying information about variable
physical layer parameters such as the size of the data
payload and the type of modulation being employed for
a particular packet.
[0004] Transmission properties, in general, and the
impulse response, in particular, of wireless communica-
tion channels are time-varying statistical quantities.
These variations in channel conditions are caused by
several factors which include but are not limited to rela-
tive movement between the transmitter and receiver
and movement of objects such as automobiles, people,
portable office furniture, etc. in the vicinity of either the
transmitter, receiver, or both. An example may include
the use of a subscriber terminal within a wireless com-
munication system in an automobile. The quality of the
connection is extremely high since the subscriber termi-
nal has a direct visual connection to the antenna of a
base station within the system. Next, a truck moves in
front of the automobile, blocking the direct visual con-
nection to the antenna. Consequently, the quality of the
wireless connection degrades, which is detected by the

base station system in connection with channel estima-
tion. Therefore, even when the transmit and receive an-
tennas are both fixed spatially, the channel between
them can still vary with time.
[0005] In such a wireless data transmission system,
these variations in the channel response result in a cor-
responding variation in the short-term data rate that can
be supported by the channel. Thus, the design of most
data communication systems enable communication on
the wireless channel at different data rates. When the
signal-to-noise ratio (SNR) is high for a particular chan-
nel, the channel quality is deemed to have good per-
formance. Thereby, higher data rates are used on this
specific channel. When the SNR is low, however, chan-
nel conditions are poor and, as a result, lower data rates
are selected for the specific channel. "Noise" as defined
here with respect to the SNR is understood to include
receiver thermal noise as well as radio frequency inter-
ference (RFI) in the passband of the communication
system. These varying data rates for each channel are
selected either manually by the user or automatically by
the system. In either case, some method and apparatus
for estimating channel quality is required.
[0006] Channel quality metrics are used to estimate
channel quality and thereby vary data rates. Most chan-
nel quality metrics are related to or derived from the SNR
measured at the receiver in an effort to set the data
transmission rates of each channel. A conventional ap-
proach uses the average SNR for each channel to cal-
culate the channel quality metric. As a result, either a
large number of short packets or a small amount of long
packets must be obtained to provide a reliable average
SNR. Thus, in many wireless data communication sys-
tems, accurate measurement of the received SNR is dif-
ficult to achieve over a short period of time.
[0007] Moreover, to add to the complexity of the der-
ivation of the SNR, within OFDM-based systems, there
are multiple SNRs that correspond to multiple sub-chan-
nels within a channel. There are numerous approaches
towards the combination or averaging of all the SNRs
corresponding to each sub-channel to arrive at one
quality metric for a particular channel. Some approach-
es use either the minimum value or the maximum value
of each SNR in lieu of the arithmetic average of all SNRs
within a given channel.
[0008] In an ideal situation, the channel impulse re-
sponse remains constant for at least two packet-trans-
mission durations. In this case, the channel is under-
stood to have a coherence time that exceeds the dura-
tion of two packets. Accordingly, a receiving station may
be able to estimate the channel quality from a received
packet and select an appropriate transmission rate for
its next transmission back to the station that sent the
packet. This scenario, however, relies upon symmetry
in the channel conditions between the transmitter and
the receiver.
[0009] A known approach for derivation of the SNR
uses other metrics, such as the packet error rate (PER),

1 2



EP 1 424 800 A2

3

5

10

15

20

25

30

35

40

45

50

55

where the SNR is assumed to be proportional to the
PER. Typically, the operating PER in modern wireless
data communication systems is 1%. Thus, a large
amount of packets are necessary to measure the oper-
ating PER with accuracy. As such, this method of deriv-
ing the SNR is time consuming as well.
[0010] Other approaches use the Viterbi decoder path
metric to estimate the average SNR in IEEE 802.11-type
OFDM physical layers. This estimation, however, re-
quires an extensive amount of time to obtain reliable val-
ues of the SNR for each channel. Accordingly, the ad-
aptation of data rates with respect to these SNR estima-
tions is slow.
[0011] Thus, in order to increase the long-term aver-
age data transmission rates on communication systems
whose channel impulse response is time-variant, it is
necessary to be able to adapt data transmission rates
more quickly with respect to changing channel condi-
tions. This requires metrics for which reliable estimates
can be obtained quickly. Since most modern packet-
based wireless data communication systems support
packets of varying length, it is desirable for the fidelity
of the computed metrics to be largely independent of
packet length. In the alternative, it is desirable for the
fidelity to be guaranteed for the smallest expected pack-
et.
[0012] The present invention is directed to overcom-
ing, or at least reducing the effects of one or more of the
problems set forth above.

SUMMARY OF THE INVENTION

[0013] To address the above-discussed deficiencies
of channel quality estimation, the present invention
teaches a communication system having a channel
quality estimation module that determines the channel
quality metric utilizing the preamble portion of the packet
only. Data, in such a communication system, is trans-
mitted in the form of a packet over a data channel during
a packet transmission, wherein each data channel in-
cludes several sub-channels. A receiver in such com-
munication system demodulates the data signal it re-
ceives for further processing. The receiver includes at
least one antenna, a radio frequency (RF) processor, a
baseband processor, a deinterleaver, and a channel de-
coder. In operation, the antenna receives the RF signal
and provides a corresponding antenna signal to the RF
processor. The RF processor provides a plurality of
baseband sample signals from the antenna signal,
wherein each of the baseband sample signals corre-
spond to each sub-channel. The baseband processor
couples to the RF processor to process each baseband
sample signal. The baseband processor calculates the
gain estimation hi of the each sub-channel and gener-
ates a channel quality metric M2 for each sub-channel
that is proportional to the bit-error rate of each packet,
wherein the bit-error rate is derived by deinterleaving
the sequence of gain estimation magnitudes (|hi|), con-

volving the deinterleaved sequence of gain estimation
magnitudes (|hi|) with a short window index, and detect-
ing the number of times the convolution falls beneath a
predetermined threshold.
[0014] In another embodiment, the baseband proces-
sor generates a channel quality metric M2 for each sub-
channel that is proportional to the bit-error rate of each
packet, wherein the bit-error rate is derived by deinter-
leaving the sequence of gain estimation magnitudes
(|hi|), averaging a short predetermined segment of the
deinterleaved sequence of gain estimation magnitudes
(|hi|), and detecting the number of times the average
falls beneath a predetermined threshold.
[0015] In yet another embodiment, the baseband
processor generates a channel quality metric M2 for
each sub-channel that is proportional to the bit-error rate
of each packet, wherein the bit-error rate is derived from
the detection of a sequence of gain estimation magni-
tudes (|hi|) of low amplitude adjacent to gain estimation
magnitudes (|hi|) of moderate amplitude during a prede-
termined interval.
[0016] Advantages of this design include but are not
limited to a communication system that transmits data
in the form of a packet over a data channel that includes
a channel quality estimation module for calculating a
channel quality metric using only the preamble portion
of the packet. Since it is computed using information in
the packet preamble, the computation is independent of
the data payload. This results in a consistent variance
in the computed metric and also guarantees the quality
of the metric even for very short packets. Furthermore,
the communication system having such a channel qual-
ity metric module provides a timely estimate of channel
quality on time-varying channels, making its application
an ideal choice for wireless communications. Thus, the
reliability of making a channel assessment increases.
Additionally, the channel quality metric is simple to com-
pute and, therefore, does not increase the complexity of
the receiver design.
[0017] These and other features and advantages of
the present invention will be understood upon consider-
ation of he following detailed description of the invention
and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] For a more complete understanding of the
present invention and the advantages thereof, refer-
ence is now made to the following description taken in
conjunction with the accompanying drawings in which
like reference numbers indicate like features and where-
in:

Figure 1 illustrates a communication system in ac-
cordance with the present invention;
Figure 2 displays the channel estimation module of
the communication system of Figure 1; and
Figure 3 shows an alternate FIR filter for the chan-
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nel estimation module of Figure 2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0019] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments set for the herein. Rather,
these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.
[0020] FIG. 1 depicts a high level block diagram of a
radio communications system 100 in which the teach-
ings of the present invention can be utilized. As shown,
the radio system 100 includes a radio transmitter 102
having a transmit antenna 104 and a radio receiver 108.
The radio receiver 108 includes a receive antenna 106,
a radio frequency (RF) processor 109, a baseband proc-
essor 116, a deinterleaver 136, and a channel decoder
138. Each of these modules may be constructed in ac-
cordance with conventional circuit design practices.
[0021] Particularly, radio transmitter 102 connects to
the transmit antenna 104 to transmit an information sig-
nal to receiver 108. Receive antenna 106 connects to
front end unit 110 to provide a processed antenna signal
x(t). As shown, RF processor 109 includes a front end
unit 110, a variable gain unit 112, and an demodulator
114, where the variable gain unit 112 couples between
front end unit 110 and demodulator 114. Furthermore,
baseband processor 116 includes an analog-to-digital
converter (ADC) 118, a Fast Fourier Transform (FFT)
unit 120, a sequence estimator 122, a preamble
processing unit 124, and a channel quality estimation
module 134. More particularly, ADC 118 connects to
FFT unit 120, preamble processing unit 124 and chan-
nel quality estimation module 134. FFT unit 120 con-
nects to sequence estimation 122 to supply FFT se-
quence Zi of the digital sample signal yi. In general, FFT
unit 120 extracts and demodulates sub-channel sym-
bols from each preamble to be provided to one or all of
modules 122, 128, 130 and 132. Preamble processing
unit 124 connects to FFT unit 120 to provide control sig-
naling. More particularly, preamble processing unit 124
includes a packet and preamble detect module 126, an
energy measure gain set module 128, a frequency offset
estimation module 130 and a sub-channel gain estima-
tion module 132. Specifically, packet and preamble de-
tect module 126 connects to control FFT unit 120 by sig-
naling when the beginning of a packet is detected and
when the end of a preamble is detected. Energy meas-
ure/gain set module 128 provides an energy measure-
ment of the signal y(t). Sequence estimator 122 con-
nects to receive the frequency offset from the frequency
offset estimation module 130. Additionally, sub-channel
gain estimation module 132 connects to sequence es-

timator 122 and channel quality estimation module 134
to provide gain estimation hi. Sequence estimator 122
couples to deinterleaver 136 which connects to channel
decoder 138.
[0022] In operation, transmitter 102 transmits an in-
formation signal (modulated at a carrier frequency f1)
from the transmit antenna 104. The transmitted signal
reaches the radio receiver after passing through a prop-
agation medium (e.g., a mobile radio channel). Data is
transmitted in the form of packets sent over a data chan-
nel during a packet transmission. Each data channel in-
cludes a plurality of sub-channels. The packet compris-
es three distinct portions: a preamble, a header and a
data payload portion. Each transmitted signal, as well
as noise, are received at the receiver antenna 106 as
the received modulated RF signal w(t). The received
signal is processed by the RF processor 109 to produce
a plurality of partially demodulated baseband signals y
(t).
[0023] Specifically, the RF processor 109 amplifies,
mixes, filters, samples, and quantizes the signal to ex-
tract a partially demodulated baseband signal y(t) cor-
responding to the carrier frequency f1. Receiver front
end unit 110 filters and amplifies the RF signal and con-
verts it to an intermediate frequency (IF) signal x(t). Var-
iable gain unit 112 amplifies the signal x(t) to provide a
signal of constant energy to baseband processor 116.
Demodulator 114 partially demodulates the signal to
provide a partially demodulated baseband signal y(t) to
the baseband processor 116 for further demodulation of
the received modulated RF signal w(t). While a specific
radio frequency processor architecture is provided for
purposes of illustration, those skilled in the art will ap-
preciate that other known architectures can be used (e.
g., wideband digitization followed by digital channeliza-
tion).
[0024] Through the processing of the preamble,
header, and data payload portions of the packet sent,
baseband processor 116 measures the energy/power
of the signal received, calculates the gain estimation,
and calculates the channel quality metric, among vari-
ous other functions. Specifically, partially demodulated
baseband signal y(t) is converted from analog-to-digital
by ADC 118. Therein, the partially demodulated base-
band signal y(t) is sampled and quantized to yield the
discrete-time signal yi. Upon system initiation, preamble
processor 124 couples to receive the discrete-time sig-
nal yi such that each module 126 - 132 within processor
124 processes the discrete-time signal yi. In a packet-
based transmission, it is often necessary to know the
beginning of the packet in order to establish proper tim-
ing since different portions of the packet are referenced
at the beginning of the packet. The preamble is often
used for this purpose it usually contains a specific pat-
tern of modulated symbols of which the receiver 108 is
aware. Thus, packet and preamble detect module 126
continually looks for this pattern and when it is found the
beginning of a packet is declared. Timing information is
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then established for the rest of the packet duration.
[0025] Upon the detection of the beginning of a pack-
et, preamble processor 124 sends a control signal to
FFT unit 120 as a form of notice that a preamble has
been received. As stated previously, FFT unit 120 ex-
tracts and demodulates sub-channel symbols from the
preamble, wherein such information may be provided to
one or all of modules 122, 128, 130 and 132 for further
processing. In this manner, after a packet has been de-
tected, the preamble is first processed to obtain all the
information that is required to process the remainder of
the packet (the header and the payload). After system
initiation, when the end of the preamble is detected by
the preamble processor 124, preamble processor 124
sends another control signal to FFT unit 120 to process
the header and data payload portions of the signal yi.
Accordingly, FFT unit 120 converts discrete-time signal
yi into a corresponding FFT sequence Zi. Sequence es-
timator 122 processes sequence Zi for further process-
ing known to those skilled in the art. In addition, se-
quence estimator 122 utilizes some processed varia-
bles for preamble processor 124 which also shall be de-
scribed in detail.
[0026] Specifically, within the preamble processor
124, the energy measure and gain set module 128
measures the power of the discrete-time signal yi. Fre-
quency offset estimation module 130 estimates the fre-
quency offset of discrete-time signal yi and relays this
information to sequence estimator 122. Sub-channel
gain estimation module 132 estimates the gain estima-
tion hi for each sub-channel and relays the gain estima-
tion hi to both the sequence estimator 122 and channel
quality estimation module 134 to ensure that, in the sub-
sequent processing of the sequence yi, specific impair-
ments of the wireless channel are compensated for and
to calculate a channel quality metric M2, respectively.
The preamble often contains specific symbol patterns
that facilitate the estimation of these specific channel
impairments. The Viterbi algorithm is used to implement
sequence estimator 122 which requires information that
is provided by the preamble processing unit 124 as it
extracts the binary information from discrete FFT se-
quence Zi.
[0027] Moreover, as shown in Figure 2, channel qual-
ity estimation module 134 couples to receive gain esti-
mation magnitudes {|h1|, |h2|, ... |hN|} to perform its cal-
culation of channel quality metric M2. Channel quality
estimation module 134 includes descrambler 212, finite
impulse response (FIR) filter 216, comparator 222 and
accumulator 226. Descrambler 212 comprises a dein-
terleaved sequence Dk fed into a data storage unit 214.
As stipulated, data storage unit 214 couples to receive
all of the gain estimation magnitudes {|h1|, |h2|, ... |hN|}
in parallel. The output of descrambler 212, however, is
read out of data storage unit 214 in the predetermined
order given by deinterleaved sequence Dk. FIR filter 216
may be a low pass filter as shown including unit delay
218 and adder 220. In operation, each gain estimation

value in the deinterleaved sequential order is received
by unit delay 218 and adder 220. Adder 220 sums the
deinterleaved sequence with the delayed deinterleaved
sequence to generate a (m+1)-bit sum. Comparator 222
compares a predetermined threshold variable T with the
magnitude of each sum. If the sum is less than the pre-
determined threshold variable T, comparator 222 gen-
erates a logic one which is fed to accumulator 226. Each
logic one is affectively counted by accumulator 226 to
provide the channel quality metric M2.
[0028] In operation, channel quality metric M2 is com-
puted by processing the sub-channel gain estimation
magnitudes {|h1|, |h2|, ... |hN|} in three steps. It is intend-
ed to characterize the channel quality by enumerating
the incidence of runs of low sub-channel gain estima-
tions magnitudes {|h1|, |h2|, ... |hN|} when these gains
are viewed in a particular order. This is of concern in
packet-based multicarrier systems that employ a Viterbi
decoder and interleaver for the convolutional code. The
premise here is that, when the sub-channel gain esti-
mations magnitudes {|h1|, |h2|, ... |hN|} are viewed in the
order in which they are used by the Viterbi decoder, a
channel which results in a large number of runs of low
gain magnitudes is more likely to cause packet errors
than one with fewer such runs. Thereby, in an effort to
capture the effect of a gain estimation value hi of low
magnitude adjacent in decoder sequence to a gain es-
timation value hi of moderate amplitude, the effect of
which may cause data errors, averaging using a short
window is implemented using FIR filter 216.
[0029] The sub-channel gain estimations {|h1|, |h2| ...
|hN|} are first computed from the preamble signal as pre-
viously described. Descrambler 212 descrambles these
N numbers which represents the number of sub-chan-
nels having data. Particularly, for systems in compliance
with the IEEE 802.11a standard, N equals 48. To imple-
ment descrambler 212, the N sub-channel gain estima-
tions {|h1|, |h2| ... |hN|} are loaded into memory 214 in
parallel. In contrast, these N sub-channel gain estima-
tions {|h1|, |h2| ... |hN|} are read out serially in the order
designated by the n-bit deinterleave sequence {Dk}.
Thus, the m-bit output is read out synchronously with
the rate at which the memory contents is read in, where
m is the number of bits used to hold each value of the
sub-channel gain. Thus, deinterleave sequence {Dk}
must be at least log2(N). The output of descrambler 212
is fed into the FIR filter 216, wherein FIR filter 216 is a
low-pass filter representing convolution by [1 1]. Due the
implementation of the feedback network in low-pass fil-
ter 216, the input to comparator 222 has to be at least
(m+1) bits. Comparator 222 outputs a logic one if the
sum is larger than threshold T and a logic zero other-
wise. Accumulator 226 sums each N-bit sequence to
yield a r-bit channel quality metric M2, where r is at least
log2(N).
[0030] The method of generating a channel quality
metric according to the present invention includes a first
step of deinterleaving the sequence of gain estimation
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{|h1|, |h2|, ... |hN|} to provide a deinterleaved sequence
{di}. The deinterleaver required for this step must be in-
dependent of the modulation type corresponding to the
data payload. Therefore, a binary phase shift keyed
(BPSK) deinterleaver having a block size of 48 may be
used on the 48 sub-channel gain estimation magnitudes
{|h1|, |h2|, ... |hN|} in a system compliant with IEEE stand-
ard 802.11a.
[0031] In another step, the convolution of the sub-
channel gain estimate magnitudes {|h1|, |h2|, ... |hN|}
with a short window function implemented by FIR filter
216 is derived to obtain the sequence {zi}. The window
function may have arbitrary magnitude and may be of
arbitrary length, but a effective window function should
be relatively short and comprised of samples of approx-
imately equal magnitude. Specifically, an alternative
embodiment, may include a length-two averaging win-
dow of [0.5 0.5]. Yet another embodiment may include,
as shown in Figure 3, a length-three window [α α α]
where α is a real number. More particularly, FIR filter
216 may include a first unit delay 318, a second unit de-
lay 320 and an adder 322. In operation, each gain esti-
mation value in the deinterleaved sequential order is re-
ceived by unit delay 318 and adder 322. Second unit
delay 320 couples to receive the first delayed deinter-
leaved sequence to generate a second delayed deinter-
leaved sequence. Adder 322 sums the deinterleaved
sequence with the first and second delayed deinter-
leaved sequence to generate a (m+1)-bit sum.
[0032] In a third step, accumulator 226 counts the
number of times the convolution {Zi} result falls beneath
predetermined threshold T. If it were necessary to use
a different deinterleaver size from packet to packet,
channel quality metric M2 may be normalized using the
size of descrambler 212.
[0033] It should be noted that the computation of
channel quality metric M2 may be implemented with op-
erations distinctly different from the three explicit steps
described above. It is also possible to compute a metric
equivalent to channel quality metric M2 by operating in-
stead on functions of {hi}. For example, an equivalent
metric could be computed beginning using the squared
magnitude of the gain estimations {|hi|2} or the logarithm
of the gain estimations {log(hi)}.
[0034] Though the invention has been illustrated with
respect to an OFDM system, those skilled in the art will
appreciate that the invention is applicable to any multi-
carrier system that includes a channel quality estimation
component. Furthermore, the present invention can be
implemented in systems including direct-sequence
code division multiple access (DS-CDMA), frequency
hopping, hybrid frequency division multiplex access/
time division multiplex access (FDMA/TDMA), and other
components.
[0035] The channel quality metric for packet-based
multicarrier physical layers have been described with
reference to systems compliant with IEEE standards
802.11 a and 802.11 g. Those skilled in the art would

recognize that the computation of the channel quality
metric in the first and second embodiment should not
be limited to such systems having packet-based multi-
carrier physical layers in systems compliant with IEEE
standards 802.11a and 802.11g. The computation and
implementation of channel quality metric processing
may be implemented in other multicarrier systems. Fur-
thermore, the novel implementation of the two channel
quality metric implementations are applicable to both
wired and wireless communication systems.
[0036] Those of skill in the art will recognize that the
physical location of the elements illustrated in Figures 1
and 2 can be moved or relocated while retaining the
function described above.
[0037] Advantages of this design include but are not
limited to a communication system that transmits data
in the form of a packet over a data channel that includes
a channel quality estimation module for calculating a
channel quality metric computed from information avail-
able within the physical layer preamble. Thus, its com-
putation is independent of packet length. This results in
a consistent variance in the computed metric and also
guarantees the quality of the metric even for very short
packets. Thus, the reliability of making a channel as-
sessment increases. Therefore, the implementation of
the channel quality metric provides a reliable assess-
ment of the instantaneous channel quality based upon
the reception of a single packet. Moreover, the channel
quality metric is simple to compute and, therefore, does
not increase the complexity of the receiver design. In
addition, early channel quality metric generation ena-
bles a communication system to power down the receiv-
er 108 for the remainder of the current packet to con-
serve power if it is determined, from the estimate, that
the likelihood of the packet payload being correctly de-
coded by the sequence estimator is very low.
[0038] All the features disclosed in this specification
(including any accompany claims, abstract and draw-
ings) may be replaced by alternative features serving
the same, equivalent or similar purpose, unless ex-
pressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only
of a generic series of equivalent or similar features.
[0039] The terms and expressions which have been
employed in the foregoing specification are used therein
as terms of description and not of limitation, and there
is no intention in the use of such terms and expressions
of excluding equivalents of the features shown and de-
scribed or portions thereof, it being recognized that the
scope of the invention is defined and limited only by the
claims which follow.

Claims

1. A receiver for demodulating data transmitted in the
form of a packet sent over a data channel during a
packet transmission, each data channel having a
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plurality of sub-channels, each packet including a
preamble, a header and a data payload, the receiv-
er comprising:

at least one antenna element for receiving a ra-
dio frequency (RF) signal and providing a cor-
responding antenna signal;

a RF processor coupled to the at least one an-
tenna element for processing the antenna sig-
nal to provide a plurality of baseband sample
signals, each baseband sample signal corre-
sponding to one of the plurality of sub-channels
each having a carrier frequency;

a baseband processor coupled to the RF proc-
essor for processing the plurality of baseband
sample signals to calculate a gain estimation
(hi) of each sub-channel, wherein the baseband
processor generates a channel quality estima-
tion metric (M2) that is proportional to the bit-
error rate of each packet, wherein the bit-error
rate is derived by deinterleaving the sequence
of gain estimation magnitudes (|hi|), convolving
the deinterleaved sequence of gain estimation
magnitudes (|hi|) with a short window index,
and detecting the number of times the convo-
lution falls beneath a predetermined threshold;

a deinterleaver coupled to the baseband proc-
essor to deinterleave the processed plurality of
baseband sample signals to provide a deinter-
leaved signal sequence; and

a channel decoder coupled to receive the dein-
terleaved signal sequence to decode the se-
quence.

2. A receiver as recited in claim 1, wherein the packet
is an OFDM symbol block.

3. A receiver as recited in claim 1 or claim 2, wherein
the RF processor comprises:

a front end module coupled to receive the an-
tenna signal to process the signal;

a variable gain module coupled to receive the
processed antenna signal; and

a demodulator coupled to receive the amplified
signal to partially demodulate the signal into a
plurality of baseband sample signals.

4. The receiver as recited in any preceding claim,
wherein the baseband processor comprises:

an analog-to-digital converter to convert the

baseband sample signal into a digital baseband
sample signal wherein the preamble includes
the plurality of sub-channel symbols;

a Fast Fourier transform (FFT) unit coupled to
receive the digital baseband sample signal ex-
tract and demodulate the plurality of sub-chan-
nel symbols from the preamble and to produce
a discrete FFT sequence of the header and the
data payload after the preamble has been proc-
essed;

a sequence estimator coupled to the FFT unit
to receive the discrete FFT sequence of the
header and the data payload for error correc-
tion when a convolutional encoder is used to
transmit the RF signal;

a preamble processing module coupled to the
analog-to-digital converter to receive the digital
baseband sample signal, the preamble
processing module comprises,

a packet and preamble detection module
coupled to receive the digital baseband
sample signal to detect the beginning of a
packet and end of a preamble,

an energy measure and gain set module
coupled to receive the digital baseband
sample signal to measure the power of the
digital baseband sample signal,

a frequency offset estimation module cou-
pled to receive the digital baseband sam-
ple signal to estimate the frequency offset,
and

a sub-channel gain estimation module cou-
pled to receive the digital baseband sam-
ple signal to estimate the gain estimation
(hi) for each sub-channel,

wherein the sequence estimator coupled
to the preamble processing module to receive
the frequency offset and the gain estimation for
error correction of the discrete FFT sequence
of the header and the data payload,

wherein the preamble processing module
coupled to the FFT unit send control signals
when the beginning of the packet is detected
for processing of the preamble and when the
end of the preamble is detected for processing
of the header and the data payload; and

a channel quality estimation module coupled to
the sub-channel gain estimation module to re-
ceive the gain estimation (hi) for each sub-
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channel and produce the channel quality esti-
mation metric (M2).

5. The receiver as recited in claim 4, wherein the chan-
nel quality estimation module comprises:

a data storage unit having coupled to receive
the gain estimation magnitudes (|hi|) and a
deinterleave sequence (Dk), wherein the gain
estimation magnitudes (|hi|) are read out of the
data storage unit in the order designated by the
deinterleave sequence (Dk);

a finite impulse response filter coupled to re-
ceive the deinterleaved sequence of gain esti-
mation magnitudes (|hi|) ordered to convolve
the deinterleaved sequence of gain estimation
magnitudes (|hi|) with a predetermined short
window index to provide a convolved result;

a comparator, having a predetermined thresh-
old value, coupled to the finite impulse re-
sponse filter to compare the convolved result
with the predetermined threshold value and
provide a logic value when the convolved re-
sulted is less than the predetermined threshold
value; and

an accumulator coupled to the comparator to
add each logic value together as a total count,
wherein the total count is the channel quality
metric (M2).

6. The receiver as recited in claim 5, wherein the data
storage unit is a read-only memory (ROM).

7. The receiver as recited in claim 5 or claim 6, wherein
the finite impulse response filter is a low pass filter,
comprising:

a unit delay coupled to receive the deinter-
leaved sequence of gain estimation magni-
tudes (|hi|) to provide a delayed sequence;

an adder coupled to receive the deinterleaved
sequence of gain estimation magnitudes (|hi|)
and the delayed sequence to provide a sum to
the comparator.

8. The receiver as recited in claim 5, claim 6, or claim
7, wherein the finite impulse response filter is a low
pass filter, comprising:

a first unit delay coupled to receive the deinter-
leaved sequence of gain estimation magni-
tudes (|hi|) to provide a first delayed sequence;

a second unit delay coupled to receive the first

delayed sequence to provide a second delayed
sequence;

an adder coupled to receive the deinterleaved
sequence of gain estimation magnitudes (|hi|),
the first delayed sequence, and the second de-
layed sequence to provide a sum to the com-
parator.

9. A receiver for demodulating data transmitted in the
form of a packet sent over a data channel during a
packet transmission, each data channel having a
plurality of sub-channels, each packet including a
preamble, a header and a data payload, the receiv-
er comprising:

at least one antenna element for receiving a ra-
dio frequency (RF) signal and providing a cor-
responding antenna signal;

a RF processor coupled to the at least one an-
tenna element for processing the antenna sig-
nal to provide a plurality of baseband sample
signals, each baseband sample signal corre-
sponding to one of the plurality of sub-channels
each having a carrier frequency;

a baseband processor coupled to the RF proc-
essor for processing the plurality of baseband
sample signals to calculate a gain estimation
(hi) of each sub-channel, wherein the baseband
processor generates a channel quality estima-
tion metric (M2) that is proportional to the bit-
error rate of each packet, wherein the bit-error
rate is derived from the detection of a sequence
of gain estimation magnitudes (|hi|) of low am-
plitude adjacent to gain estimation magnitudes
(|hi|) of moderate amplitude during a predeter-
mined interval;

a deinterleaver coupled to the baseband proc-
essor to deinterleave the processed plurality of
baseband sample signals to provide a deinter-
leaved signal sequence; and

a channel decoder coupled to receive the dein-
terleaved signal sequence to decode the se-
quence.

10. A receiver as recited in claim 9, wherein the packet
is an OFDM symbol block.
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